ABSTRACT The tick Amblyomma humerale Koch is endemic to South America. All host records refer to the adult stage parasitizing tortoises, mostly yellow-footed tortoise, Geochelone denticulata (L.), and red-footed tortoise, Geochelone carbonaria (Spix). The current study reports the presence of A. humerale in the state of Rondô nia, Brazil. A total of 215 adult ticks (201 males, 14 females) was collected from six G. denticulata in an Indian reserve and nine Geochelone sp. in rural Monte Negro County, giving an overall mean infestation of 14.3 Ϯ 12.0 (range: 2Ð 44) ticks per tortoise. Male ticks always outnumbered females on the host and nine tortoises had only male ticks. Male ticks were mostly attached in clusters on the ventral sides of the carapace near the anterior and posterior margins, and more rarely on the outer margin of the plastron. All females were found attached to the tortoise skin, at different sites such as head, neck, shoulders or legs. Male ticks were rarely observed attached to the body skin. Seven engorged nymphs collected on small vertebrates from Monte Negro County molted to adults of A. humerale. This included one nymph each on the seven-colored lizard, Plica plica (L.), green tree climber, Plica umbra (L.), and wide-foraging lizard, Kentropyx calcarata Spix, three nymphs on the common opossum, Didelphis marsupialis L., and one nymph on the silky anteater, Cyclopes didactylus L. These constitute the Þrst host records for the immature stages of the tick A. humerale.
THE BRAZILIAN TICK FAUNA, as currently known, is represented by 54 valid species, of which 32 belong to the genus Amblyomma (Guimarães et al. 2001) . Although more than half of the 102 known Amblyomma species in the World are endemic to the New World (Keirans 1992) , they have been poorly studied. Except for a few species of known medical or veterinary importance, life-history data, and descriptions of immatures are lacking for the majority of the Amblyomma species in the Neotropics.
Amblyomma humerale Koch is endemic to South America. Geographic records include Brazil, Colombia, Ecuador, French Guyana, Guyana, Peru, Surinam, Trinidad and Venezuela (Robinson 1926 , Aragão 1936 , Santos Dias, 1958 , Aitken et al. 1968 , Need et al. 1991 , Guimarães et al. 2001 , data from U.S. National Tick Collection, GA, Southern University, Statesboro, GA, USA). Although Neumann (1899) reported it from Uruguay in an area called "nord of Goyaz," it probably referred to the state of Goyaz in Brazil, the northern part of which is now called Tocantins State. Moreover, a locality of name Goyaz does not exist in Uruguay (J. M. Venzal, personal communication). Non-South America records of A. humerale, from Panama (Dunn 1923 (Dunn , 1934 and Texas (Bilsing and Eads 1947) , were probably misidentiÞcations of Amblyomma sabanerae Stoll (Fairchild et al. 1966) . Amblyomma humerale has also been recorded on imported hosts from South America to the United States (Simmons and Burridge 2001) but there is no indication that this tick has established in that country (Keirans and Durden 2001) . All valid Brazilian records of A. humerale have been north of parallel 20 o S, comprising the states of Acre, Amapá, Amazonas, Bahia, Espṍrito Santo, Mato Grosso, Pará, Roraima, and Tocantins (Neumann 1899 , Robinson 1926 , Aragão 1936 , Guimarães et al. 2001 , data from Tick Collection of the Instituto Butantan, Sao Paulo, Brazil, and U.S. National Tick Collection). Thus, it seems that this tick is restricted to the NorthCentral parts of South America, especially Amazonia.
All of the above reports of A. humerale in South America refer to the adult stage parasitizing land tortoises, mostly Geochelone denticulata (L.) (yellowfooted tortoise) or Geochelone carbonaria (Spix) (redfooted tortoise). In fact, Aragão (1936) stated that adult A. humerale should be restricted to these kinds of hosts. Conversely, Freire (1972) reported A. humerale from a domestic dog in Rio Grande do Sul state, the most southern state of Brazil, and more recently, Sinkoc and Brum (1997) reported the occurrence of 13 adult females on a toad Bufo arenalis in the state of São Paulo. These two records should be viewed with caution since they refer to A. humerale on unusual hosts and from areas in southern Brazil (below parallel 20 o ), where A. humerale does not seem to be established. In fact, the report by Freire (1972) was doubted by Evans et al. (2000) and the report by Sinkoc and Brum (1997) was additionally unusual as the parasitism of A. humerale on tortoises is characterized by males outnumbering females on the host. Occasionally, only males have been found (Aragão 1936) .
Host records for the immature stage of A. humerale immature stages are nonexistent. This scenario is certainly linked to the lack of a taxonomic key for the identiÞcation of Amblyomma immature stages in Latin America. In this article, we report, for the Þrst time, the presence of A. humerale in the state of Rondô nia, northwestern Brazil, and host records for the nymphal stage of A. humerale. Additionally, we describe some peculiar habits of the adult stage while it is attached to the tortoise host.
Materials and Methods
During the period August 2000 to March 2001, we visited several times the Indian settlement of the "UruEu-Wau-Wau" Reserve (10Њ 38Õ S, 63Њ 29Õ W), located in an extensive preserved area of the western Brazilian Amazon forest in the state of Rondô nia. During the visits we had the opportunity to examine six yellowfooted tortoises, G. denticulata, which had just been caught in the forest by Indians. We examined these tortoises for the presence of ticks on the day or one day after they were brought from the forest. All ticks were collected and stored in plastic vials containing 100% isopropyl alcohol.
During the year of 2000, people from the rural population of Monte Negro County (10Њ 15Õ S, 63Њ 18Õ W), state of Rondô nia, knew that we were interested in tortoise ticks. Then they brought to us some ticks collected on 11 tortoises, Geochelone sp., caught at different times in the forest of the rural area of the town, between September 2000 and September 2001. All ticks were stored in plastic vials containing 100% isopropyl alcohol.
During July 2001, we collected ticks from three lizards and one opossum captured in pitfall traps in an Amazon forest area of the banks of the Jamari River, Monte Negro County (10Њ 17Õ S, 63Њ 14Õ W). These ticks were all engorged Amblyomma nymphs, and were brought alive to our laboratory and held inside glass desiccators at 90 Ϯ 5% RH and room temperature. As nymphs molted to the adult stage, they were identiÞed to species. On December 2001, an additional Amblyomma sp. engorged nymph was collected from a silky anteater, Cyclopes didactylus L., from the same area. The tick was also held alive and was speciÞcally identiÞed after molting to the adult stage.
Results
A total of 215 ticks was collected from six G. denticulata from the Indian reserve and nine tortoises Geochelone sp. from the rural area of Monte Negro, giving an overall mean infestation of 14.3 Ϯ 12.0 (range, 2Ð 44) ticks per tortoise. All ticks were adults of A. humerale (201 males, 14 females). Male ticks were present on all tortoises, with a mean infestation of 13.4 Ϯ 11.1 (2Ð 42) males per tortoise. Female ticks were found on one tortoise (three female ticks) from the Indian reserve and on six tortoises (11 females) from the rural area of Monte Negro, giving a mean infestation of 2 Ϯ 1.5 (1Ð5) females per infested host. Considering only the seven tortoises on which both male and female ticks were found, the overall sex ratio was 10.3:1 (males:female).
When collecting ticks on G. denticulata in the Indian Reserve, we could see male ticks mostly attached in clusters on the ventral side of the carapace near the anterior and posterior margins (Fig. 1) . A few ticks were also found attached to the outer margin of the plastron. When male ticks were forcedly detached from these areas, they left characteristics pits in the carapace. However, all females were found attached to the tortoise skin, at different sites such as head, neck, shoulders or legs (Fig. 2) . Male ticks were observed attached to the body skin on only two occasions, these being two males feeding together at the same site and a male attached in copula with a female tick. Seven engorged nymphs collected on small vertebrates on the banks of the Jamari River molted to adults of A. humerale. These ticks were one nymph collected on a seven-colored lizard, Plica plica (L.), on 15 July (molted to one female), one nymph on a green tree climber, Plica umbra (L.), on 16 July (molted to one male), one nymph on a wide-foraging lizard, Kentropyx calcarata Spix, on 16 July (molted to one male), three nymphs on a common opossum, Didelphis marsupialis L., on 17 July (molted to one male and two females), and one nymph on the silky anteater, C. didactylus, on 5 December (molted to one female). Voucher specimens of this study have been deposited in the CNC-FMVZ/USP National Tick Collection, University of São Paulo, São Paulo, Brazil (Accession numbers 409, 418).
Discussion
This study reports for the Þrst time A. humerale in the state of Rondô nia, Brazil. Furthermore, we present the Þrst host records for subadult stages of this tick. All previous studies have recorded only the adult stage of A. humerale on tortoises, which was also conÞrmed in the current study at Rondô nia. However, the immature stages seem to have a broader host range, including different species of small reptiles and mammals. In the current study, A. humerale nymphs were found on three lizard species, one marsupial and one edentate species. Such data highlight the possibility of immature A. humerale parasitizing humans in Amazonia. Although Amblyomma spp. immature ticks are commonly found on humans when walking in the Amazon forest at Rondô nia (personal experience of the authors), the absence of a proper taxonomic key has prevented speciÞc identiÞcation of these ticks.
Adults of A. humerale showed a high degree of host speciÞcity to land tortoises. Conversely, subadult stages were less host-speciÞc and probably can feed on a variety of small vertebrates. It seems unlikely that A.
humerale will become established in areas from which land tortoises are absent. In fact, the tortoises G. denticulata and G. carbonaria are generally restricted to north and central parts of South America (Harless and Morlock 1989, Vanzolini 1999) . In Brazil, they are distributed from Espṍrito Santo to Amazonas states (Carvalho 1995) . These areas coincide with the known distribution of A. humerale in South America (Aragão 1936 , Robinson 1926 , Santos Dias 1958 , Aitken et al. 1968 , Need et al. 1991 , Guimarães et al. 2001 ; data from Tick Collection of the Instituto Butantan, and U.S. National Tick Collection).
Peculiar and interesting features characterized the parasitism by A. humerale adult ticks on tortoises. Clusters of males were seen attached to the carapace. Amblyomma sabarenae, a common tick on land tortoises in Central America, was also reported to exhibit this behavior of attaching on the tortoise carapace (Fairchild et al. 1966 ). The carapace is constituted by bony plates covered by a thin stratum germinativum overlaid by a dense keratin mantle (Frye 1991) . Thus, male ticks introduce their mouthparts in these tissues over bone structures, where they probably ingest liquid elements to maintain their water equilibrium.
Male tick behavior may have important implications for the A. humerale life-cycle. Clusters of males attached on the carapace (Fig. 1) could be an efÞcient source of aggregation-attachment pheromones for free-living ticks, especially females. In fact, this kind of pheromone has been shown to be produced only by males of the genus Amblyomma (Sonenshine 1991 , Rechav et al. 2000 . As long as a female tick can Þnd a host parasitized by several males and has attached to its skin, some of the males would leave the carapace and move toward the attached female to copulate with her. After copulating with the females, males would return to the carapace to continue to produce pheromone. However, before they can mate, all males probably have to take a blood meal on the host skin for some time, since it is an essential feature for fertilization among metastriate ticks (Sonenshine 1991) . Although imbibing a blood meal for some days was also considered essential for Amblyomma males to start producing aggregation-attachment pheromones, there is experimental evidence that pheromones are also produced after nonblood meals, such as bovine fetal serum (Rechav et al. 2000) . Further studies should evaluate if the carapace elements that the A. humerale male ticks imbibe are sufÞcient to produce aggregation-attachment pheromones, without taking a blood meal.
If male ticks always attached to the tortoise body skin inside the shell, this limited and tied area could limit the number of ticks per host, as well as male ticks survivorship. In addition, dispersal of pheromones could be affected because the tortoise skin is a much less exposed area than the carapace, Finally, this study showed sex ratios higher than 10:1 (male:female) for ticks parasitizing tortoises, and in some cases, dozens of males without any accompanying females were found on the tortoises. Aragão (1936) reported that A. humerale males always outnumber females on the host. Similar Þndings were reported for A. sabenarae (Fairchild et al. 1966 ). This abrupt difference in favor of male ticks might be primarily related to the male feeding periods being much longer than female feeding periods. In fact, it has been demonstrated in some Amblyomma cajennense (F.) populations, that females outnumbered males after molting but sex ratios on the hosts were always in favor of male ticks due to their longer feeding periods compared with females (Pinter et al. 2002) . Longer feeding periods of A. humerale males might also be related to their particular attachment sites, which must offer ideal microclimate conditions.
